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v\°\ELS. ZL XlS#^ % A^A v\o]3.S. 

o]z]]o}o\] gift ^ o.sl ; cfc^l c]Ei^ 71^1 ^5=1^ 

N-l 7fl^ ^31*1^, S^l^l xflJf ^ ^f^H 3^ ^r^Rr N 7fl2] #eflo] 

M# ^ N 7fl^ t5)]olE t A ^3. <^^*>^ 2N 7fl<^ N 7fla] #efl 

Xl2 «eflolE ( ... ; ^1N-1 #eilo)E<4 ^-f-ofl ^*l*Rr XlN «HJ= 

XU «eflo]E^ e^o} ^ U ^ ^^q-i; 7}*M ^1 ^fl^^zL, XI 2 

^ M^l^ X]2 ^Hl ±^ ^n^r 7H^ Xl2 ^sqjl,- , XlN fsfl^r S^l 

E^r^H ^ ^zj-g; 7>*M XI N 3^8: ^8.2.3. a}-^ 

^ <d7}-*Hl Cf^rTll^ ^0.5. 7^>J1 ( ^=ig3] ^ 

^ ^^M^ % *±2\^4r ^ Jl^ 7 > 

£ 11 

*1 , MEMS 
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{Multi-landing Micromirror , Method for Manufacturing the Same and Multi-landing 
Micromirror Array} 
[2^ ^r^-tt ^1 

£ la £ 2. lb^r #Hfl 7l#ofl filtr ^lfi n^l- £1 g 
2 2a ^ 2 2bxt w>^-^*V €*HH ^tb 37fl^l Seflol^ *2 67 fl^ i 

2^ 3fe ^HaLS v]B\Wr ^^^>7l ^tt 2^. 

2 3^ 71^1 ^€ 2^ S^l^l7> m x m ^ lEiji ^Efls. wfl<l^ 2.^* 

2 4tt 2# S3]*] ^^*f7l *M2. 

2 5^ 2 4^1 2^1^ 2# ^3l*H #eflo]E s. ^ ^31 *g = 0 ] 2}-^ 5.^* ^ 
^*}7l ^tt 2^. 

2 6^ 2 5oll 2 a] si #eflolM #4 so. ^^tJI s^^v £1 g 

2 7^ *^ms) 917} *HH M°lS7> 2.^* ^^^>7l ^tb2^. 

2 8£r 2 7°\) 2Al*V z| #5flo}E sj. <^ ^-fr <*^o.5. ^^^>7l ^)*V 

2^. 

£ 9u £ 7 * £ 81 ^^tr n>ola.S ^-g- 14 

2^. 
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£ 12, £ 13 ^ £ 14^f -g- ^ofl cf^^l n>ol 3S ulei7> ^ 

4> n>ol^s. n]e1 (micro-mirror)* <>l-g-tr % (optical switch)^ ^^^1 

^ $&7)^, ^7>7l^, <M^%>^ £ ae e |ao] ^(scratch driving)# 

°l-g-*r^r ^ ^-§-£)cH^ji oicf n ^ (electrostatic force)^ 

^J=o] ofl^^o]^ (actuation) wl*fl ^cf. o]^.^ v}o] 

35. "le^ ^.S-^l (tor si on) «?Kbeam)c>l D ]^7> A>-g-£)c|-. o] 

xr ^SMl «Ho->cr| ^^(displacememt angleH £*Hr #2)9 °l-g-W. 

7>*1 -§-§- ofls. g-fl.^ ^ ojtf. 3 ^ p>o)a.jL Dje^ *\}7}<% 
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2] 4€^(restoring force)^ M]7}7\ ^ nfl <*<H*]^ 

^<H1 2 ^M^S. n]e^ ^ z]- £ 7> 051 <H nfl i^^l ^(switching off) #nfl 

^ 90JE^ *|] Aifl^ ^(switching on) #Eflo} t^] ^ (digital 

mirror)* m x m(m=l,2,3, . . . ,m)^ ^EflS. €^f. °la]tr ^1^1^ 

^ 7l 7j]^A^ ^1^^ 4^33 Af-g-s]^ ^iE^, ^S.* 

^-2r^>7l ^S^oi 7^o>*>cf. nj.^ ^sl^ o]e^ 

#31 ^"Efll- g^W, ^^lsl^^o) ^-rf. 21*1, pIe^ ^ <^o.7l^l 

^^^^c) *lcf. tg^l ^£ ^^4* 5L^<H1 #4]^ 

4 ^l^r(dimension), HZ]JL nl^ofl <y7>5]^- ^^o] ^g^S\o]o\ 

5L la ^ £ lb^r #efl 7l#ofl <^*1 nje^ *3^>7l £^ , 5. 

la^r t^l^ ulejo] AfAl£oij 1> £ lb^r c^lfi #^51* £ la ^ 

£ lb* ^S^, #3HJ=(10), ^(11), £-2-^ ^£^(12) ^ M^l 

*1(13)5L ^-^^i=f. ^^1^ oje^ nj^cq o^cj-oH 4^ 171H£) S^^(torsion) 
°1 ^-^v^^ Sflol, ^^H 1 ^(switching on) *H ^£ 90S «1 

♦ ^ w>^nf. olnfl ^<y-o]l o]*l (electrostatic force)^ 4 

€^ (restoring force)<>l <y*l*Kr v]£\S>\ ^ ^^(displacement angle, 
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6)7} ^^^Cf. ^^^r ^ ^1 V)Z]7} 90S. S\#S)S.^, ZL^ZL 

+ *}°\)^ u)Z\7\ <§-g-tb ^"€34 HHf^ ^^^1 i^^l- fe^- ^TflSH^ 

^ tf^sj- 4*fl ^£4. 

nle^ ^^1- <HiL7l^ ^7l^ S_£.£l (electrical torque, T e i e c.)^ 



n£\jL ^S^4 7)7jl^ S^(T mec h.)^ 2^ ^-o] S^^Cf. 

[^§V4 2] y mec/l =2(Gw/ 3 (l-(192f/ n 5 w)tanh(.^/20))9 

US ^4^°1 ^ ^7l^ £.2.£l(electrical torque)^ T^JELS 

€• ^7> #<&o] ^Sm^. SE*V 7l^^ j^o^H ^7> ^71 4*lH^r, i 

*l^(dimension)^H ±£^2] ^(w)# ^"Tfl ^o](i)^- =L7fl ^7^, 

¥*ll(t)» ^1 ^^]^o> 2 oflAi 7l Tfl^ S.iL£l(T mech .)^ il^ ^ 

?fl^ 3^(t 3 Hl Wl^l^S. ^^^2] 1/3 UlL^r ^^r 1/27 S ^-Tfl^- 

T 91^. 1/V^7^ ^ ^Cf. ZL^i4, ^S^4 ¥*fl# 1/3 

4*1 -£-^4 ^Al7l^ §-^7]- «#^*V4. 



<20> 




1] 
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90S ^^^1^171 €- ^<a-o] dbiLsH °H <H3-g- ^ ^ 0 >a. ^ 

7>^oi *\}7)s\jn. $X^. 90S isei iS^s] ^ ^s ^is]^ 

ofl *l€i=h ^*fl ^M-cfl ^>i4(one pair)^ ^ tq*m p]^ 

^ ^ltb "fl^l iH^ol ^-g-fl 7l7jl^ 7 0 V£f ^ & ^ l7 |. 014. 

^^^$] #3\^-Br *8=#*|-aZ. 7^og. 71-^^7]] ^ cf^Tfl i^tg n>o]aS 

tfl-M ^ *1 t}^ A}2 ^]N-1 #3Hm<4 

^slJl, *fl2 t^H^ e^o} ± ^ 71-7H *fl2 ^SlJI,- , 

A. 
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4*111- 01^.7) ^*fl, ^ofl c^Tfl n>ol^ S u]e^ ^l^« 0 v 

^£r, °^*H1 N _! 7)] ^ E^l^l- 71^- ifl-^-ofl tg^fe ^-Tfl, ?1 # 

^ <=<^1 ^-¥"^1 *fll ^*Rr #7fl, 71^; ^ j=L^*l ufl w-ofl 51 

^^1 ^2 *i#*Kr ^31, ^ ^^ofl ^s]3.*^. «-2V^ 

#7fl ^ ^E^ §^ #z^>o} N 7flS] #eflolE-& ^ 2N 7fl^ iS^S.^- ^^Kr #7fl 

cf^TTfl $^*§ *1^7> m x n ^ Dfl^^^i ^eflS. ^ #°fl aHI^M, ^ 

Ol^^n:^- 7^5^ o}e) 71-71 ^EflS. ^ SZ^, 

^^7> Cf^-ofl 7l#5]^ ^^l^Hl *V^£l^ ^ Ofqcf. 
^ ^ »>^«: ^^HHl ofl^^olE-1^ ^3:1- ^ 

£ 2a ^ £ 2b^ 3 711^1 #eflolE 7 ]- zj-zj- 2 7]\S] c^l^ *1 e^ 

7fl^£S^, £ 2a^r AlAltf, s. 2bfe ^^£1- ^Bf^cf. n] E-) ^-g- ^^^jolE^ 
^ 3711 ^ -^-^S. M-^ ^ Sa^l, 4 t^o]itol ^*Rr <3<*_o 

sL^o} e^]^ -f-^-aj- ^ ^.^^^1^-1 S)#SRr 4 o.^ 
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<3i> ^*fl, £^ 1-ellolE 1-4 2J- #eflo]E^ o^ojj c^xg ^irsy M-^ 

^ XU #eflol^(20), XI 2 #eflolE(2i), XI 3 #efl°l.^(22) ^ XH 

#eflo]je(23)S. ol^^] JI) ^5.^ XU ^ = ^(24), Xl2 ^=^(25) ^ XI 3 
(26)AS ol^^lrf. XI 1 l-£flole(20)^ ofl^oflolE^ ^]^*o. S &ji 
, XU i^(24)£r X] l#iSMH(20)sJ ^oj| JjL^sjo] X] i#eflolE(20)^ XI 2 
olE(.2i)# 7 1XI3 ^ ^7l^o.s. <g^*H 305.31 till-^ iE e |A t wl^cf. XI 2 1-efl 
°lJ=(21)fe XI 1 #eflolE(20)^ tfl^-ofl XI 1#511o1e(20)^ tfl 

efl zfs. 3OH(01)S] 3 a}jL t XI 2 ^S^(25)^r X12 #3Hi=(21)2| <£ ^<Hl 

XI 2 ^eflo]E(2i)4 XI 3 #3HM(22)» 71X13 ^ #7l3-£-5. <^^*H 30£ 
si iSEjiAf «Hrtf. XI 3 #eflolE (22 )^ XI 2 #3HS(21)£l vflJjLofl 3^1 *H 

<>l*fl XI 2 #eflolE(2l)^ cflsfl z^-£ 3O5L(02)3] 3 SfrJL, XI 3 £.2. 

^(26)-^ XI 3 1-3HJ=(22)3 ^ofl XI 3 l-eflolS(22)^ XI 4 1-elHm (23)« 

71313 ^ #7}*\SLS. 305L2) ul-i-^ ^Hefl^s. tiv^cf Xl4 # elHS (23)^ 

"1^ t£fl°)^ XI 3#e11olE(22)Xl tfl*|] 3051(03)31 3 ^ 
XI l#2fl o1e ( 20)# Xl^tt M-^^l 1- ^ J=3l*l(27)3) # 

<32> l-*fl, e «A|(27)fe- vfl^ ^o| 7 > ^3. 2^AS °1^<H*1 ^cf. M^*l(27) 

°ll^ ^°« v * <?] 7^o.5.^ ^^-§: ^^71 71 ^th ^ Sl^M &t}. 

<33> ol £ 3 ^ £ 4# 2^ Siffl*H tflSrH tH^- ^Ml*>7fl ^^tbcf. 

<34> S. 3£r 71^-ofl 2^ S3!*l7} m x n ^(olnfl, m g n x\<&^r°)t)-.) 

n<£_Q ^*\7) Al-AlSiojcK 71^(30)^: ^ ' -fi-S| 7l 
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^ 9X°-V\, 5. 3^ 71^1 2# e^S^7> 2 X 2 7fl °}o] yfllsl i^Ej-vfl 

4. 

<35> £ 3* ^S*}^, 2# e^I^I s. 7l ^.o) ^ ^-2- #J^dfl ^11 ^<£<3}-(3lH 

£U, A 2# ^ ^ofl^r afll #^(32)°1 %^6\ ^cf. ZL 

£]J1 ^11 ^#(32)^r *fll ^(33)-4 ^14. £ 3°fl 51*1^ 2^ 

# ^*Kr y o v ^^r -M^W. 7]^ ^Hi 2^ S^l^l ^eflol 
(delay mask) ^ ("delay-masking process for Silicon Three-Demensional Bulk 
Structures" Trans. IEE Ksection E) , 1999) <t 9X^. 2^ ^21 

^^^>J1 \+ ^, *11 1^<£^(31)# tfl^f- ^ S>1«- ^ 71^- tfofl ZLfil 

JL, 3 7l ^. ^-ofl -av*v * sfl^^ ^1 ^^(32)^- ^^trcf. *|j 1 

^^(32)^ 2# J=3i*l ^2: # J=3l*l ^ ^ 3=31*1, nelJl M3!*l ^«-o} 

2.S. ^tfofl ^7l^«?l ^-^o] ^^*VCr. >fl 1^^BV(31)^: ^ l#^r(33)°11 ^7> 

<36> oj^Tfl *M 2# J= 31*11- i 4^1 tf-Sf ^Ml^l JE^l*}^. £ 4^ 2^ e 

^•(34)31- a-Sr *1|2 H^*l Jf£-(35)°-5. ^ 5dtf. ^11 H3l*l ^(34) 

£ £ 2*11 £A)^V 2#eflolE(2i)^ s)#^-§r 30£S ^ItHH, *fl2 J=31*l -^£-(35) 
^ 3*5flolE(22)^ s^zj-g- 60£S ^]trtri=f. ^12 S3!*l «.( 35) o} ^4* s.ttf 
(36)£- ^1 4#e)MH(23)» got *>£^- ^tr^Vcf. £ 4°fl 2^ M 31*1 

#31 ^^1 *»l 2 ^^^"(33)^: ^ ^fl 2 ^ ^-(33)^ #£^<y ^1 

2, 3 ^ 4 #5flo]E 7 }- e^I^] ^ollA-] e^i^I ^ ^ u ^^^( 32 )o|l ol 7 > 
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€ ##-£-3. °in ^(arcing)ol ^HJ*H #3H^.2]- ^o] ^ ^ wj-*l<5>7l 

<37> ol gj-oil -£ 5 ^ £ 6^8: 2^ S.3]*H1 A "kA°\^ ^ °1 ^ 

<38> £ 5^ £ 4^1 51 a] 2} 2^- S3i*H ^ #0 ] H.^-g- ^ 

<39> £ 5s. %^*>i£, A\ #3MS(20H *fll iS^(24)ol *fll 

^(24)3 cf^ ^ ^2 €3MM(21)7} £U, ^4 *fl2 i^^(25) 

^ *1)3 ^3^(26)* Dfl7flS. «H ^13 #eflolE(22) ^ afl4 #3H^(23)7> 5U 

<40> 7 ]#6\] Z)- #^0]E S-aZf 1-^- Hj-^ofl tfl^ ^ ^ *Vcf . 7 1#(30) 

^ *H 2 ^^(51 5°lHir d]sa1) ^oll ^^§}J1 E^l^l vflJf <2] 

3 *H§^ jrflE^^H £31*1 ^ofi^r ^7l# ^l^tb #^51 *ll2, 3 ^ 

7}^^. 50~620um ^Ml^l 7l#-g- 3^ ^ <y-^ sH] 

3}-^. *fl2, 3^4 #^1^^(21,22,23)^ *)U, 2^3 

^31^(24,25,26)^: ^^W. £ 5<^1^^ M^l *fll #elMJ=<2]- 7}%5)o)) ^ 

<4i> 51 6^ 51 5o11 S.X\& #3Hj= l-nf ^n*y 1;* ^oMl^l-Tll 51 ^ *V 5L^ ojcj-. 
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5. 6% &2if>}&, afll i=*g(24)£- *fll #3lol e(20)<4 *fl2 #e)H e ( 2 i)* 7) 7)1 
3 , ^7l^o.S. <3^}:n, *H2 i*£^(25)£r ^12 #3l°lM(21)sf ^3 #^o] e ( 22 )« 7l 
XI 3, 7 J7|2jA£ ^tr^r. n>^7MlS., ^|3 iS^(26)^r *fl3 #3HS(22)Sr *1^<>1 
*l|4 #3MS(23)«- 7l^H, ^7l^o.S <g^tbcf. £ 6°fl ^ *1<21 

(meander)^ £ 1<*|) £a)s) S^.^ hi ^n^^- ^Eflo)^. zielM- 

^l^c^ SJ^d til ^Efl^cf a^s] ^ * ^) ^ #s)-X| zj ^ # 

^o] oiooj, zj- #eflo]E a>o)<^ ^ ^ *HH 7l^# ^sJ*> 7 H 

#*)1 °fl^oflolE^ p]fil7> *>*l*Rr a], 2| ^B](fill factor )7> 

7\) 4^ A>ol7> ^ 7§S# ^7M7i % ^7^71^ 

-£ 7^ ^#^3 *17> *H>H 7f #3)0)1=7} £^}^ ^^}y) $\&S.t&o] 
cf. £ 7^1 XI 1 «eflolH5f z| 

S. 7* , *fl2 #eflolE(21), *))3 #3He(22) ^ *fl4 #3MS(23)^ ^ 

^l^M ^-g^l #°*M: <?]7H>7l ^11 #^-(51 4^ %>- 

^#3L 32)°l5f*}Jl, ^1 ^o) cflfo^ s. e flolEofl ^<y-^- ^i7>*>^ ^]l#eflo] 
— ^ ^12~4 #eflolE2f ^7l^O.^ <^^£]^7l nfl^ofl E^l^ ifl-^-S^ ^^o| 7|-^*V 
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zIHtt -tf-*f ^i^m ^7]^AS. Tfll #eflo]E zz. ^ 7 ]. £)t^ ; 4 ^jfl^l c^efloi 

^ *V ^^-ofl #c£^. oi 7 >^ m x n ^eflo]^ ^^oj-o. ^ o] 

#<?M: ^ SZ^f. *lll &^°\} 9l7\& #eflo]E 

^ ^7)2] 9l^z\], °l^r J=3!*l ^g-S} ^o] ^cgnVO E_ 

^ V £H &7l m^-ojcf. o]^ *)1 l^ofl DC £<$o] °}7}£\t£ Z| #EflolE^^ ^ 7 |^ 
^S. <3^S]^7l nfl-g-ofl 2^- E^l^sq. z}- #eflolE A>o]ofl^ £ 7 }^o) ^^t}. Zl^Jl 

^3 7rir *W 5£^r 3" #3HH^r x\)-l^Zr<L3. <y^-ir «>7ll =1<4. °W 

*fl4 $eflo]j=(23)^ ^ ^l^l (deep trench) ( 35 #7)^ ^o] , *fl2 #sflo] e 

(21)^ ^ S«ffl^l(shallow_trench)(34)^ ^713 <y^o] ^^>7fl ^-g-tb^r. lielJl 
*113 #51ME(22)^ 3^ H 31*1(35)3}- e 31*1(34)0] - ^^ofl cfl^fl ti}^ 

3. «K£-Ij- ^TflsM §icf. xl 2#eflolE(2i)^ S^o^ ^ 4 § e flo]E 

(23) it} |8-7l 7$&n-£r cl^- 7^4. tc|-eM, 2^ M^l^l7> ^ 

#Efl°l ^ e^*] iLufi- 3)-^ 7^^, ^ Ti^SS ^711 2#eflolE(2i)^ 

^ J=«*1(34WI (landing)^- ^ $14. °1^# afll 3Wl*> °» #ofl o| ) o] ^ 
A. A2 #3HJ=(21) tflofl o^]^ x| 3 ^ x| 4 #eflolE(22,23)^ *fl2 ^ *fl3 
(25 ( 26)o11 ^*fl 7l7fl3o.3. ^^S^l nfl^-ofl, XI 2 
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#eflolM(21)^ SH^( landing)^ *)l2 #eflo]E^ ^ z|-£<y 30£ S]^ £ 

^1 £t}. zj- #eflolE^ s\^o] 303E1- o^;^ §>7l 2 # M 31*13 3 

(22)2] <?fl^(^2 ^fl^; 2*> ^°lH^)-4 ^14 #eflo]E(23)^ <^(*)l3 €^ ; 3*} ^ 

*fl 4l-eflolm(23)^ H^l^ *V ^>^o.s. <S*gt!:^. 

<46> 51 8-^ 51 7^1 5L*ltt 4 #eflolj=<4 o_s <£^7] 

<47> S. 8* %^}#, A 3*1 3*1 <?l7l-5H ^eflolEO) ^ o] o] =-c^^ nfl Z]- 

Ml^r *fl 2 l^MS , M2^r ^1 3fe|olE i M3 ^ ^ 4^eflo]E^ 144^4. 

A2 icNfe A 2^^] ^l7>*>^ 2#3HJ=7> ^ M3l*H ^^*V ^Hfll- 

S^*>^cf. *fl2 #7jHH *J*8= Ml^l A>e(-^1 o] -f}-^, ^-g- ^S^LS*) #3HJ= 

Tfl^ M2, M3^ol ^ = ^41 -^hM 91^ ?AA ^4. £ 8°flH 

n>. c^7lA^ "AVe^tp^vg: ^ (physical ^^5^ ^Cf^ ^ °1 ^1 7} A 
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^-S. J=«*H ^2 51 ^ A o^# M-e*^ 3M4. ^ *fl3 #efloi 

€^11*Rr ^ ^cf. o]^, d]e^oi ^4 ^eflojE^ 51 -g- e^i^i^ a 

*So)j ^ x^ofl o]^- ^ 7 ]^ «J-o> ^ofl 71^-31 a^oflA^| 90JE21 Z^- 

£S *fl3 £«}7fl °lc *fl4 #?IH^ S^tV 3-4 ^-o] 2.S. ^s. 

^o] AV^ji, ^^ol ^fl^Rr ^^-^ Tflb ojpl o}^ ^e|)7> ^Cf. olnfl 5|# ^ 
^ ^(switching onH -#3H4. 

£ 9b £ 7 ^ £ 8t 4^3] *}°l£l3L nle^o) ^ 

£ 95] 4 #7flb £ 8^ ^ ctTflsq- q-Ef-H^-. £ 9<HH afli ^r^lb 

*]>>3*l ^Eflofl^ *fl 2 #eflolE 7 > ^3 ^ ^14 #3HH-I- vfl^ji 01 

tt 3-^ ^^4. ^12 ^Tfls] A]2 #3Hh;E ^1 ^ >fcMH>H *)j 3 ^ ^4 a-^ol 
<=» tfl^>Jl ^cf. ^13 #31^ ^13 feflolE^ *fl 2 ^ >$NH>H ^4 l-^Hm-I- vfl 
^>ZL S.^^r M-^^tq-. *fl 4 cjTfl^ ^14 #eflolE 7 |- ^3 <£^*v u} 
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